A new method for the calculation of left ventricular volumes called the "semi-geometric" method, was reported by Nichols et al in 1984. This method, however, still had certain limitations for practical use. This paper describes a modified semi-geometric method in which the left ventricular volume was obtained from conventional left ventricular ejection fraction measurement data collected from the modified left anterior oblique position with a caudal tilt of 10 degrees or more and a left posterior oblique blood pool image.
A new method for the calculation of left ventricular volumes called the "semi-geometric" method, was reported by Nichols et al in 1984 . This method, however, still had certain limitations for practical use. This paper describes a modified semi-geometric method in which the left ventricular volume was obtained from conventional left ventricular ejection fraction measurement data collected from the modified left anterior oblique position with a caudal tilt of 10 degrees or more and a left posterior oblique blood pool image.
The left ventricular end-diastolic volumes obtained by this method were compared with those calculated by combining the thermodilution cardiac output and the left ventricular ejection fraction.
The correlation coefficient was r=0.93 (n=20). In the phantom experiment, the true volumes and those obtained by this method showed an excellent correlation (r=0.99).
This method is considered accurate and practical. Therefore, a new count-based method, to be called the "semi-geometric" method, was devised by Nichols et al18) in which the count rate per unit volume was obtained in combination with geometrical information. However, this method left several points unresolved. First, in this method, it is necessary to perform first-pass imaging in the right anterior oblique (50 degrees) before the collection of equilibrium gated data from the modified left anterior oblique (LAO) projection. Also, an equilibrium study must be done to separate right and left ventricular images, so in some cases, the gated and first-pass images may not intersect perpendicularly to each other. Second, if this imaging angle is employed in a first-pass study, some of the information obtained by the popular anterior or right anterior oblique 30 degree first-pass study would be lost. Third, since a caudal tilt of up to 5 degrees was applied to the scinticamera during LAO data collection resulting in less than a 5% error, in their report, it may be difficult to use data from the modified LAO projection applying a caudal tilt of 10 degrees or more, which should be employed to minimize left atrial contributions within the LV region of interest (ROI) in the calculation of the LV ejection fraction (EF). 19) Therefore, a modified "semi-geometric" method by which LV volumes were calculated from data obtained from conventional gated studies for EF measurement from the modified LAO projection with a caudal angulation of 10 degrees or more applied to the scinticamera and a blood pool static image obtained in the left posterior oblique (LPO) projection rotated 90 degrees posteriorly around the body axis from the initial position has been conceived and investigated.
MATERIALS AND METHODS
Conventional count-based method and the semi-geometric method: In radionuclide angiocardiography, by the count-based method, it is possible to obtain the LV volume by multiplying the voxel size (d3, where d denotes the pixel size) by the number of voxels which constitute the LV. The number is calculated by dividing the total count rate of the left ventricle (CT) by the count rate per voxel (CV). The difference between the conventional count-based method and the "semi-geometric" method is in the method for calculating the count rate per voxel. In the conventional method, a blood sample is collected from a vein and the count rate per unit volume is obtained by in vitro measurement, while in the semi-geometric method, geometric information is used.
When the LV is placed against two scinticameras situated at right angles to each other, the depth of the part which shows the maximum count rate in the LAO projection is the maximum length of the LV in the LPO view (Fig.1) .
Therefore, the count rate per unit volume is obtained by dividing the maximum count rate (CM) in the left anterior oblique view by the maximum length (L) in the left posterior image. If the length is expressed as the number of pixels (d: pixel size), the value obtained is the count rate per voxel.18) This calculation can be expressed by the following equations.
therefore, the LV volume (VLV) is:
Since the attenuations of the LV total count rate (CT) and the maximum count rate (CM) are considered almost equal, no correction is required when this method is used.18) Left ventricular maximum length measurement when caudal tilt is applied: Data collection for the calculation of the left ventricular EF by the scinticamera is generally performed in the LAO projection with a caudal tilt of 10 degrees or more. 19) In such cases, the measurement of the maximum length of the LV in the LPO view must be done on the line which is tilted upward at the same angle to the caudal angulation applied to the scinticamera in the modified LAO gated data collection (Fig.2) .
Patients:
The subjects of this study were 68 patients who received radionuclide angiocardiographic examinations between January, 1987 and February, 1988. The first group consisted of 20 patients who had ischemic heart disease, chest pain syndrome or dilated cardiomyopathy and were hospitalized in the author's hospital for cardiac catheterization (Table I) . They underwent Swan-Ganz catheter examination and radionuclide angiocardiographic studies and fulfilled the following four conditions: (1) Both examinations were conducted in a hemodynamically stable period and within an interval of 2 weeks; (2) No valvular regurgitation or intracardiac shunts were found during cardiac catheterization following Swan-Ganz catheter examination; (3) There was no atrial fibrillation; and (4) The heart rate did not differ by more than 20beats/min between the two examinations. The second group consisted of 18 patients who had received radionuclide angiocardiographic imaging in the LPO position twice in a series of examinations, with and without multiple gating. The third group consisted of 30 patients who had received radionuclide angiocardiographic tests after this LV volume measurement method was incorporated into the routine radionuclide angiocardiographic studies at the author's laboratory.
Method of the radionuclide angiocardiographic study: Red blood cells were labeled with 15-20mCi of technetium-99m by the conventional in vivo method. After a routine first-pass study performed in the anterior position, the scinticamera (LFOV, Searle) with an all purpose parallel hole collimator was set in the LAO position, which gives the best separation of the left and right ventricles, and a caudal angulation of 10 degrees was applied for better separation of the left atrium and ventricle . Data collection and processing were performed using a dedicated computer system (Scintipac 2400 or 1200, manufactured by Shimadzu Seisakusho Co , Jpn.
Heart J. Experimental studies: Seven plastic drug bottles and four rubber balloons were used as containers. The concentration of the technetium-99m solution sealed in the containers was about 0.002mCi/ml.
The drug bottles were imaged from two directions perpendicular to each other in air. To examine the effect of attenuation, the rubber balloons were placed in a torso phantom filled with water and imaged in the same way. The count rate was 100,000 counts/ frame for data collection and 500,000 counts were stored to obtain an image.
RESULTS
Phantom study (Fig.3) : The volumes obtained by the semi-geometric method and actual meas- Fig.3 
DISCUSSION
With this method, the LV volumes can be calculated using only data from routine studies to obtain the LVEF and the blood pool image obtained from the LPO projection rapidly, without blood sampling. Multiple-gated cardiac blood pool imaging from the left posterior oblique position is reported to be useful in observing LV wall motion, especially for detecting LV aneurysm. 19 ) In facilities which incorporate imaging from this direction in routine studies of radionuclide angiocardiography, it is theoretically better to use the end-diastolic image in the measurement of the left ventricular maximum length by changing the imaging angle slightly. But in the author's study, the LV end-diastolic volumes obtained from gated and nongated studies showed excellent correlations of r=0.96, with a standard error of the estimate of 9ml. Therefore, in practice, those facilities which do not employ gated imaging from the LPO position in routine study, or do not want to change the imaging angle from the LPO 30 degrees position can alternatively use the nongated blood pool image which can be obtained in a very short time.
It must be determined whether or not the LV maximum length can be measured accurately from the cardiac blood pool image obtained in the LPO position. First, the descending aorta, inferior vena cava and atria are adjacent to the LV, so that it may not be possible to measure the maximum length of the left ventricle. If the measurement is made on a horizontal line, the LV is not separated from these structures in many cases, and the measurement is impossible. However, when the line of measurement is tilted upward from the horizontal by 10 degrees or more by applying caudal tilt to the scinticamera in the modified LAO projection, it is possible to obtain the length of the left ventricle in almost all cases. Caudal tilt is necessary when a LPO blood pool image is used for LV maximum length measurement. Second, there are cases where the pulmonary artery is greatly enlarged, for example due to pulmonary hypertension, but even in such cases, it was possible to estimate the border of the LV. These two concepts were obtained from the author's experience following introduction of this method as a routine radionuclide angiocardiographic study at the author's laboratory.
Third, the right ventricle generally should be wider than the LV when viewed from the LPO position, and there is the problem of whether or not the measured ventricular length is actually that of the left ventricle. When the heart is cut through its short axis, the LV appears almost round, while the right ventricle appears to adhere to it like a dish. Therefore, it can be assumed that the outline of the ventricle obtained in the LPO projection is that of the left ventricle. This measurement of the LV length is easy to perform, and it is considered to be simpler and more accurate than the geometric method which requires edge detection of the entire LV.7), 8) In this method, the value obtained from a modified left anterior oblique projection with a caudal tilt of 10 degrees or more applied is used for the calculation of the LV volume. Because of this, it is not only possible to use the conventional method of data collection for the LVEF, but since there is better separation from the left atrium, the reliability is also higher.19) Delcourt et al reported the "internal standard method" where LV volume was calculated from LAO data and LPO 30 degrees phase image.20) However, in their method, it may be difficult to use the ejection fraction measurement data obtained from the modified LAO position with a caudal tilt of 10 degrees or more. Therefore, a change of 10 degrees or more in the measurement line at the apex, or an adjacent area, where the LV looks like a triangle in the LPO image may result in a big change in measured LV length.
The image used in this method of measurement of the LV length is not very large, and the boundary between the LV and the background is not all that distinct. However, the error associated with the measurement in this method does not become greater during the course of the calculations by the formula indicated in Materials and Methods. In this respect, this method is considered to be more accurate than the geometric method which requires conversion of area or length into volume. However, this method is not completely free from the influence of low inherent spacial resolution of the radionuclide angiocardiographic image. This is a defect of this method.
The value obtained by dividing the stroke volume by the EF was used as the gold standard for comparing the LV end-diastolic volumes obtained by this method in clinical studies. The stroke volume was obtained by dividing the cardiac output obtained by the thermodilution method by the heart rate at that time, and the ejection fraction was obtained by converting the EF of radionuclide angiocardiography to that of contrast left ventriculography. The reliability of the cardiac output by the thermodilution method is established.21),22) The end-diastolic volume obtained by contrast left ventriculography was not used as the standard for two reasons: in its calculation, the LV is assumed to be a revolving ellipsoid, and this assumption does not always hold true,11) and problems involved in using contrast medium cannot be avoided.23), 24) The EF obtained by radionuclide angiocardiography was not used directly, it was converted to that of contrast left ventriculography.
Because, even though the latter presents problems in certain patients, such as patients with wall motion abnormalities, this is considered to be closer to the actual EF in its mean value than the EF by radionuclide angiocardiography, especially when the fixed ROI method was employed. 25) The values of the LV volumes calculated by radionuclide angiocardiography differ considerably among institutions, in contrast to the uniformity shown in the EF.19) One of the reasons for this is that, although a countbased method has been developed, the values of the volumes calculated by this method show considerable variations due to differences in the method for attenuation correction. Therefore, even after the count-based method was reported, some facilities continued to prefer the geometric method.26) However, with the method described here, the discrepancy between facilities in volume calculation should decrease to the level shown in the EF. This is because only the LV length measured on the LPO image is neccesary for LV volume calculation in addition to LVEF measurement data in this method. Therefore, the measurement of LV volumes by radionuclide angiocardiography will have common characteristics, and this is felt to be important clinically, not only because more reliable volumes as indices of cardiac function27) are obtained, but also because the clinical significance of the end-systolic pressure volume relation28) and other cardiac function indices will be enhanced.
